This study examined the effect of surfactant pretreatment on the pectinase-treated cotton/chitosan blends by weight loss and properties such as water absorbency, dyeability, tensile strength, pilling property, and surface morphology. The weight loss of cotton/chitosan blends was 1.5% by the surfactant pretreatment/pectinase treatment. The water absorbency and dyeability of samples showed a significant improvement by the surfactant pretreatment/pectinase treatment. The tensile strength and pilling property of treated fabrics showed no change. The water absorbency and dyeability of pectinase treated samples improved with the pretreatment of the surfactant without damaging the fibers.
I. Introduction
Concerns regarding health, energy, and the environment have stimulated the improvement of enzyme technology in the textile industry (Bielen & Li, 2002) . Enzymatic processing has been developed for natural fibers in wide-ranging operations, from cleaning preparations to finishing (Cavaco-Paulo & Gubitz, 2003; Kirk et al., 2002; Tzanov et al., 2001) . During enzymatic processing, surfactants are typical auxiliaries that enhance enzyme penetration, adsorption, and fiber swelling (Cavaco-Paulo & Gubitz, 2003) . When cotton is treated with enzymes, a surfactant should be included in the processing (Shamey & Hussein, 2005; Tzanov et al., 2003) .
Studies about surfactants during enzymatic treatment of cotton fibers have also been reported about the pretreatment using nonionic and anionic surfactants. Nonionic surfactant pretreatment of cotton fibers did not affect on the hydrolytic activity of cellulase and acid pectinase (Li & Hardin, 1998) . However, it was reported that pretreatment with nonionic surfactant helped improve the absorbency of cotton fibers treated with acid cellulase and pectinase treatment (Losonczi et al., 2004) . The pretreatment with anionic surfactant was reported to facilitate the hydrolytic activity of alkaline protease on cotton fibers (Yoshimura et al., 2003) . Most studies on the pretreatment with surfactants during enzymatic processing used cotton fibers as substrates. A few studies was subjected the cotton blends (Lee, 2007) . Among various cotton blends, when enzymatic treatments are applied to -1965 - † Corresponding author E-mail: doccubi@sookmyung.ac.kr cotton/chitosan blends, enzymes should hydrolyze cotton fibers without damaging chitosan fibers . Chitosan fibers have a similar structure with cotton fibers and the effective hydrolases of cotton fibers can affect on chitosan fibers. In a previous study it was reported that pectinase treatment of cotton/chitosan blends was an effective method of removing non-cellulose in cotton without damaging chitosan fibers.
This study investigates the suitable surfactants for pretreatment to improve absorbency and dyeability of cotton/chitosan blends during pectinase treatment. One of nonionic surfactant and two of anionic surfactants are selected as the surfactants for this study. The weight loss and properties, such as water absorbency, dyeability, tensile strength, pilling property, and surface morphology, are examined to discern any inhibitory action of the surfactants on the hydrolytic activity of pectinase.
II. Experimental

Materials
The cotton/chitosan blends provided by Texan Medtech Co., Ltd. was used as the specimen for this study. <Table 1> − <Table 2> shows the characteristics of the fabric and enzyme. To maintain a constant pH during pectinase treatment, the mixture of sodium carbonate (Na2CO3, Duksan Pure Chemicals, South Korea) and acetic acid (CH3COOH, Duksan Pure Chemicals, South Korea) were used as buffer solution according to the manual of the manufacturer. The pH was adjusted to each pH by using 1M acetic acid or 0.1M sodium carbonate. Triton X-100 (Sigma Chemicals, USA) as a nonionic surfactant, laurylbenzene sulfonic-acid sodium salt (LAS, C12H25C6H4SO3Na, Junsei Chemicals, Japan) and the anionic surfactant, sodium dodecyl sulfate (SDS, CH3(CH2)10CH2OSO3Na, Junsei Chemicals, Japan) as anionic surfactants were used for pretreatments. Apollocion Red H-E3B (C.I. Reactive Red 120, Taiheung Corporation, South Korea) was used to dye the treated fabrics. Sodium sulfate (Na 2 SO 4 , Samchun Pure Chemical Co., South Korea) and sodium carbonate were used as additives.
All chemicals were used without further purification.
Methods
1) Surfactant Pretreatment
Fabrics were soaked at a 25:1 liquid ratio at 20 o C temperature for 10 minutes in each surfactant solution. Samples were squeezed evenly and controlled pickup rate of 100%, then dryed at room temperature. Surfactant pretreated fabrics were treated with pectinase without rinsing.
2) Pectinase Treatment
Pectinase treatment was carried out by the optimum condition reported in the previous report . The buffer solution was prepared by mixing sodium carbonate and acetic acid, and the pH of the buffer solution was controlled using 0.1M .
3) Weight Loss
Weight loss of the treated fabrics was measured using the dry weight and was calculated with the following equation:
Weight loss (%) = W 1 : Dry weight of the fabric before treatment, W2: Dry weight of the fabric after treatment.
4) Measurement of the Properties
Water absorbency of the treated fabrics was measured according to AATCC 79-1992.
Dyeability of fabrics was measured by the absorbance of the dyeing solution using UV-VIS spectrophotometer (UV-1201, Shimaz, Japan). The tensile strength and pilling property were measured according to KS K 0520 and KS K 0503, respectively. The surface morphology of the treated fabrics was analyzed using a scanning electron microscope (SEM, Jeol JSM820, Japan).
III. Results and Discussion
<Fig. 1> shows the weight loss of surfactant pretreated/pectinase treated (P/T) fabrics by different surfactant concentrations. As shown in <Fig. 1>, there was no significant difference in weight loss by the concentration of surfactant when the pHs, treatment temperatures, enzyme concentrations, and treatment durations were identical.
Compared to pectinase treated fabrics (about 1.4%), the weight loss of P/T fabrics increased slightly to 1.5%. Even though the pectinase removed the wax of cotton fibers effectively , the surfactant pretreatment helped emulsify and remove the wax without residue (Datyner, 1983) ; the weight loss improved slightly.
In terms of surfactants, the weight loss of P/T fabrics with anionic surfactant showed a 1.1-fold increase compared to nonionic pretreated fabrics. Anionic surfactants were reported to inhibit the hydrolytic activity of enzymes depending on their structure (CavacoPaulo & Gubitz, 2003) . However, anionic surfactants, LAS and SDS, did not affect on pectinase treatment and the better wax-emulsifying capacity compared to nonionic surfactant (Milton, 1989) was maintained during pectinase treatment. In addition, the narrowed error range of the weight loss by surfactants pretreatment showed that the surfactant pretreatment helped the hydrolytic activity of pectinase remains stable.
<Fig. 2> shows the water absorbency of the P/T fabrics by different surfactant concentrations. There was no significant difference in water absorbency by the surfactant type and concentration. The time of water absorbency of untreated fabrics was above 900s. The time of water absorbency of pectinase treated and P/T fabrics showed 536s and 178-188s, respectively. The surfactant pretreatment helped improve water absorbency because surfactants emulsified and removed the wax without residue (Datyner, 
1983
). In addition to the wax-emulsifying capacity, the surfactant could change the surface of fabrics to hydrophilicity (Kim, 2001; . The water absorbency of fabrics treated with both surfactants and pectinase improved. The concentration of the surfactant during pretreatment did not affect weight loss and water absorbency. The concentration of the surfactant was set at 1g/l. <Fig. 3> shows the dyeability of the pectinase treated and P/T fabrics. The dye uptake of cotton and chitosan shows a significant difference, so cotton/ chitosan blends are dyed as melange. The dyeability was measured by the absorbance of dyeing solution not by K/S values.
The dyeability of the cotton/chitosan blends by pectinase treatment improved 1.2 times, compared to the untreated samples. Compared to the pectinase treated fabrics, the dyeability of the nonionic pretreated fabrics increased 1.4 times. In addition, the dyeability of the LAS pretreated fabrics and SDS pretreated fabrics improved 1.6 times and 1.3 times, respectively, compared to the pectinase treated fabrics. The improvements of dyeability of the pretreated fabrics were caused by the removal of the pectin and wax on the fiber in addition to changing surface to hydrophilicity. The dyeability of the cotton/chitosan blends can be improved by the surfactant pretreatment.
<Fig. 4> shows the tensile strength and pilling property of the P/T fabrics. Both surfactant type and pretreatment did not influence the tensile strength and pilling properties of the cotton/chitosan blends. It is concluded that the surfactants pretreatment helped remove wax and change fabric surface to hydrophilicity without damaging the fabrics.
<Fig. 5> shows the surface morphology of the cotton/chitosan blends treated with pectinase after LAS pretreatment. The untreated fabrics showed many impurities on the fabric surface. The impurities of the treated fabrics were removed through the pectinase treatment. Cotton/chitosan fabrics pretreated with LAS showed to remove impurities and cover a thin layer. The effective wax-emulsifying capacity of LAS helped thoroughly remove impurities on the fabrics, as proven by the weight loss measurement. In addition, the thin layer that could be concluded as the LAS layer, changed the surface to hydrophilicity (Park & Kim, 1993) , which influenced water absorbency.
IV. Conclusions
In this study, the effect of surfactant pretreatment on the pectinase-treated cotton/chitosan blends were examined by weight loss and properties, such as water absorbency, dyeability, tensile strength, pilling property, and surface morphology. Compared to fabrics, the weight loss of the P/T fabrics increased slightly to 1.5%. The time of water absorbency of pectinase and P/T fabrics showed 536s and 178-188s, respectively. The dyeability of the P/T fabrics improved compared to the untreated and the pectinase treatment. Both surfactant type and pretreatment did not influence the tensile strength and the pilling properties of the cotton/chitosan blends. The surfactant pretreatment was shown to help improve water absorbency and the dyeability of the cotton/chitosan blends. 
